Aims-To determine the expression of parathyroid hormone related protein (PTHrP) and interleukin-6 (IL-6) mRNAs and their possible relation in malignant tumours, derived from patients with and without hypercalcaemia, commonly associated with humoral hypercalcaemia of malignancy. Methods-PTHrP and IL-6 mRNA expression was studied by northern blot analysis in tumour specimens from 13 consecutive patients. Six patients (two with hypercalcaemia) had squamous cell carcinomas of the larynx and seven (one with hypercalcaemia) had renal cell carcinomas. Results-There was no relation between the histological features of the tumours and the expression of either PTHrP or IL-6 mRNAs. PTHrP mRNA was detected in all squamous cell carcinomas, expression being highest in the two patients with hypercalcaemia. In the renal cell carcinomas PTHrP mRNA was expressed only in the patient with hypercalcaemia. IL-6 mRNA was detected in nearly all tumours studied but there was no apparent relation between its expression and that of PTHrP mRNA or serum calcium con- These findings raise questions about the modulation of PTHrP gene expression in patients with hypercalcaemia and suggest that other factors may also be involved in the development of this condition.3 Previous studies in our laboratory have shown that the production and expression of PTHrP mRNA by squamous cell carcinoma cell lines could be enhanced by co-culturing these cells with fibroblasts.' 0" It may be that local soluble factors produced during the interaction between the epithelial and mesenchymal cells are responsible for the increased production of PTHrP. Such factors include cytokines and we recently showed that interleukin-6 (IL-6) production by fibroblasts is greatly enhanced during co-culture with keratinocytes by IL-1, which is secreted by most epithelial cells including squamous cell carcinomas.'2 Interleukin-6, which stimulates osteoclast formation," '4 is also a hypercalcaemic factor'5 and recently co-secretion of PTHrP and IL-6 has been reported in hypercalcaemic nude mice bearing a human renal cell carcinoma 6 and in a patient with phaeochromocytoma and HHM.'7
Parathyroid hormone related protein (PTHrP) is a major pathogenic factor of the syndrome of humoral hypercalcaemia of malignancy (HHM).'-' Earlier studies have reported the presence of PTHrP mRNA exclusively in tumours from patients with HHM.45 However, it was later demonstrated, by both immunohistochemistry and in situ hybridisation, that epithelial tumours most commonly associated with HHM but obtained from normocalcaemic patients may also express PTHrP. [6] [7] [8] [9] These findings raise questions about the modulation of PTHrP gene expression in patients with hypercalcaemia and suggest that other factors may also be involved in the development of this condition.3 Previous studies in our laboratory have shown that the production and expression of PTHrP mRNA by squamous cell carcinoma cell lines could be enhanced by co-culturing these cells with fibroblasts.' 0" It may be that local soluble factors produced during the interaction between the epithelial and mesenchymal cells are responsible for the increased production of PTHrP. Such factors include cytokines and we recently showed that interleukin-6 (IL-6) production by fibroblasts is greatly enhanced during co-culture with keratinocytes by IL-1, which is secreted by most epithelial cells including squamous cell carcinomas.'2 Interleukin-6, which stimulates osteoclast formation," '4 is also a hypercalcaemic factor '5 and recently co-secretion of PTHrP and IL-6 has been reported in hypercalcaemic nude mice bearing a human renal cell carcinoma 6 and in a patient with phaeochromocytoma and HHM. '7 To examine the possible relation between PTHrP and IL-6 in malignant tumours, we studied the expression of the two peptides by northern blot analysis in two types of tumours commonly associated with HHM. These were squamous cell carcinomas (larynx) and adenocarcinomas (renal cell) derived from patients with and without hypercalcaemia.
Methods
In this prospective study 13 patients (nine men (mean age 59 + 4 years) and four women (mean age 70 + 6 years)) were investigated. Six All tissue specimens were evaluated by an experienced pathologist. An estimation was made of the total number of cell nuclei, lymphocytes and mesenchymal cells per tumour specimen.
Calcium, phosphate and albumin concentrations were determined in a blood sample taken the day before surgery using automated techniques and serum calcium concentrations were adjusted to an albumin of 42 g/l.
Results
Two of the six patients with laryngeal carcinomas and one ofthe seven patients with renal cell carcinomas were hypercalcaemic. The tumours of hypercalcaemic patients had no distinctive histological features when compared with those of normocalcaemic patients (table) .
All laryngeal tumours expressed PTHrP mRNA (lanes 1-6; fig 1) but the highest expression was detected in the tissues from the two patients with hypercalcaemia (lanes 2 and 4; fig  1) . Similarly, IL-6 mRNA expression was detected in all but one (lane 1) of the laryngeal tumours. By contrast, PTHrP mRNA was not detected in six of the seven patients with renal cell carcinoma but it was expressed in the patient with hypercalcaemia ( lane 8; fig 2) . IL-6 mRNA expression varied in the renal cell carcinomas. In the laryngeal carcinomas there was no apparent relation between PTHrP and IL-6 mRNA expression and the relative number of tumour cells per specimen (table); the number of specimens studied, however, is too small to allow definite conclusions to be drawn. Interestingly, in the renal tumours the highest IL-6 mRNA expression was found in two clear cell carcinomas (patients 8 and 11), which also showed the abundant tumour invasion by mononuclear cells typical of tumour infiltrating lymphocytes. No such tumour infiltrating cells were detected in any of the laryngeal tumours.
Discussion
Previous studies using different detection techniques have provided conflicting data about a possible relation between PTHrP expression and hypercalcaemia in patients with malignant diseases. Cellular immunostaining with antibodies directed against PTHrP was positive in nearly all squamous and renal cell carcinomas examined but bore no relation to hypercalcaemia.&S Using in situ hybridisation, increased PTHrP mRNA expression was detected in hypercalcaemic patients with carcinoma of the cervix23 but not in another series of squamous cell carcinomas.9 These findings led the former authors to suggest that increased gene transcription contributes to the development of hypercalcaemia while the latter authors concluded that the clinical expression of HHM depends on the rate of secretion of PTHrP rather than on gene expression. In the present study, using northern blot analysis, we found that all laryngeal carcinomas expressed PTHrP mRNA but this expression was highest in the two patients with hypercalcaemia. Our data, therefore, support the hypothesis that the potential of a given squamous cell carcinoma for inducing HHM The present results, obtained in two histologically distinct malignancies associated with the syndrome of HHM, underline the importance of the relation between PTHrP and hypercalcaemia in malignant disease. These results also raise questions about the modulation of PTHrP gene expression by malignant cells. This is particularly relevant for laryngeal tumours in which PTHrP mRNA was detected in all tumours studied. We examined the possible involvement of IL-6 as this cytokine has previously been reported to be co-secreted with PTHrP in hypercalcaemic nude mice bearing a human renal cell carcinoma and in a patient with HHM due to phaeochromocytoma," is recognised as a hypercalcaemic factor"3-15 and is produced by fibroblasts during co-culture with squamous carcinoma cells, an interaction previously shown to stimulate PTHrP production in vitro.'0 All of the laryngeal carcinomas expressed both PTHrP and IL-6 mRNAs. However, no association between the degree of expression of these two factors and serum calcium concentrations could be demonstrated. The detection ofboth PTHrP and IL-6 mRNAs in epithelial tumours known to be associated with HHM is intriguing and further studies of their relative importance in the development of hypercalcaemia are warranted. IL-6 mRNA was also detected in renal clear cell carcinomas, confirming previous findings.'526 Expression was greatest in the tumours with the highest degree of infiltration by tumour infiltrating lymphocytes. This suggests an immunological response rather than an epithelial-mesenchymal cell-cell interaction. It may be that in squamous cell carcinomas which already express the PTHrP gene, local factors released from mesenchymal cells in response to tumour products modulate the production ofthe protein, while in the renal cell carcinomas different mechanisms are responsible for the expression of PTHrP by malignant cells and consequently for the development of hypercalcaemia.
In conclusion, our results confirm the importance of PTHrP in the pathogenesis of HHM by demonstrating the relation between the quantity of PTHrP gene expression and serum calcium concentrations. They also reveal clear differences between human squamous cell and renal cell carcinomas, suggesting that different mechanisms are responsible for PTHrP expression in these tumours.
We are grateful to Mrs Hetty C M Sips for expert technical assistance. These studies form part of a research programme supported by the Dutch Organisation for Scientific Research (NWO 900-541-191).
